Objective This follow-up survey report describes medication adherence and patient preferences, beliefs, and expectations of maintenance hemodialysis treatment in Japan. Methods This patient-reported questionnaire-based survey was conducted in six regions in Japan from September 2016 to November 2016. Patients The questionnaire was provided to 700 patients (50-79 years old) on maintenance hemodialysis for >3 years who were members of the Japan Association of Kidney Disease Patients. Patients were randomly selected by a stratified sampling method based on patient distribution observed from the Japanese Society for Dialysis Therapy Renal Data Registry. Results A total of 524 (74.9%) complete patient questionnaires were evaluated; the mean (SD) age was 66.6 (7.2) years (men, 63.4%) with a dialysis vintage of 16.9 (9.1) years. Adherence was high for all types of medications: between 76.7% for phosphate binders and 95.7% for antidiabetic medications. The most common reason for a missed dose was forgetting to take medication [52.5% (117/223)]. Patient preference for oral medication was as low as 0.9% (1/110), 9% (31/345), and 2.9% (2/69) for patients who felt mental burden, felt no mental burden, and neither, respectively, with their current treatment regimen. In addition, 37.8% (198/524) of patients responded that the elimination of 1 medication (1 tablet) would reduce their mental burden.
Introduction
For patients on long-term maintenance dialysis, the total burden of oral medication is high (1, 2) , and poor adherence to complex multimodal therapies contributes to increased morbidity and mortality in this patient population (3) . Compared to a nondialysis population, a multitude of specialized medications are needed for dialysis patients, primarily to control associated comorbidities and metabolic abnormali-Intern Med 58: 2595-2603, 2019 DOI: 10.2169/internalmedicine.2676 -19 Prior studies that specifically evaluated patient beliefs, concerns, and preferences regarding phosphate binders have shown that an increased number of oral pills does not correlate with improvements in hyperphosphatemia and may, in fact, reduce the health-related quality of life (6) (7) (8) . Furthermore, as the dialysis vintage (length of time on dialysis) can be as high as 35 years in Japan (longest dialysis vintage reported to be 46 years and 6 months) (9) , it is likely that, depending on the care given, the care provider, and the quality of care provided, aging and a decreased cognitive function might play a role in medication adherence (10) . Studies have shown that medication adherence rates are higher in hemodialysis patients with hyperphosphatemia who are ! 60 years of age than in their younger counterparts (11, 12) . In addition, it is anticipated that an increasing rate of medication nonadherence will contribute to the growing problem of leftover medication (13, 14) . According to a study from the Japan Pharmaceutical Association, leftover medication is a significant concern in Japan, with an annual cost of 47.5 billion yen (15, 16) .
We previously reported the results of a survey pertaining to drug burden as an original article. The previous study showed that the number, type, and frequency of oral medications taken by hemodialysis patients were high and did not differ markedly between dialysis and nondialysis days (2) . The pill burden was higher than in a previous report from the Japanese Ministry of Health, Labour and Welfare (17) . However, extensive data on medication adherence and patient preference were collected in our previous survey, and it was not feasible to present these data in the initial report (2) . In Japan, the availability of data regarding drug burden and treatment adherence in patients on maintenance dialysis is limited (1, 2) , with no existing data on patient preferences, beliefs, or expectations concerning this subject. Therefore, a questionnaire-based survey was conducted in Japan to evaluate these aspects in patients on maintenance dialysis.
We herein report the remaining survey results pertaining to medication adherence and patient preferences, beliefs, and expectations concerning maintenance hemodialysis treatment.
Materials and Methods

Survey objective
The objective of this survey was to explore the factors involved in oral medication compliance, reporting of leftover medications, and perception of drug burden in hemodialysis patients.
Survey design and patients
A questionnaire-based survey was conducted from September 2016 to November 2016 in six regions in Japan: Hokkaido/Tohoku, Kanto, Chubu, Kinki, Chugoku/Shikoku, and Kyushu. A detailed description of the study methods has been published previously (2) .
In brief, the survey was conducted in patients who were between 50 and 79 years of age, had been on maintenance hemodialysis for >3 years, and were enrolled members of the Japan Association of Kidney Disease Patients (JAKDP). Patients on peritoneal dialysis or concomitant peritoneal dialysis and hemodialysis were excluded.
The survey was approved by the ethics review board of Wakayama Medical University. Informed consent was obtained from all patients included in the study.
Survey questionnaire
Self-administered survey forms were provided to the eligible patients. The questionnaire was anonymous and comprised 22 questions. In this follow-up report, we limit our presentation to survey results that pertained to medication compliance and patient preferences, beliefs, and expectations regarding treatment.
Assessments and statistical analyses
Using multiple choice questions, we assessed medication compliance, reasons for missed medications, compliance instructions, reporting of leftover medications, and reasons for not reporting leftover medications. Medication compliance and reasons for missed medications were also analyzed by medication type. We also investigated whether or not patients believed that eliminating one medication from their regimen would help relieve drug burden, and whether or not they preferred injections during dialysis over oral medications. Descriptive statistics were used to evaluate the survey data.
Results
Demographic and baseline characteristics
Of the 700 eligible patients who received the questionnaire, 535 (76.4%) participated in the survey. Of these, the completed questionnaires of 524 patients (74.9%) were considered valid for the evaluation.
The mean [standard deviation (SD)] age of the respondents was 66.6 (7.2) years (men, 63.4%) with a mean dialysis vintage of 16.9 (9.1) years ( Table 1 ). The age distribution was relatively even, with 19.3% of patients in their 50s, 40.7% in their 60s, and 38.2% in their 70s. In terms of dialysis vintage, 23.7% of patients had received dialysis for 3-9 years, 37.0% for 10-19 years, 23.3% for 20-29 years, and 10.5% for ! 30 years. Overall, the age, gender, and regional distribution of the respondents were similar to those of the national dialysis patient population reported in December 31, 2014, in the Japanese Society for Dialysis Therapy Renal Data Registry, with the exception of a longer average dialysis vintage in the survey population. Other reasons for nonadherence are mentioned in Table 2 . Explanations concerning medication adherence were provided for 57.9% (751/1,297) of the prescriptions for the 5 drug classes (CKD-MBD-related drugs: vitamin D products, phosphate binders, calcimimetics, antihypertensives, and antidiabetic medications). The purpose of almost all prescription medicines given to patients [94.7% (1,229/1,298)] was explained by a doctor or pharmacist. Among them, 90.5% (1,175/1,298) of the explanations for drug prescriptions were understood well, while 4.2% (54/1,298) were not understood well. An explanation for the purpose of the medication was not provided for 2.1% (27/1,298) of the prescriptions (Fig. 2) .
The mean (SD) number of tablets the patients received at their most recent medication refill visit was 103. 6 (Fig. 3) .
The reasons given by 15.3% (80/524) of the patients (including multiple responses to the question) who responded that they do not report to anybody about leftover medication were "they will find out that I am not compliant and it is hard to talk about it" 
Compliance by type of medication
Adherence was high for all types of medications: between 76.7% for phosphate binders and 95.7% for antidiabetic medications (Fig. 4) .
The most common reason for nonadherence was forgetting to take medications. Vitamin D products were reported as a forgotten medication by 72.7% (16/22) 
Perception of medication burden
Overall, 21.0% (110/524) of patients reported feeling a mental burden from their oral medication regimen. The reported reasons for mental burden were "too many tablets and types of tablets" in 29.1% (32/110) of patients, "I am worried about side effects" in 17.3% (19/110), and "taking medications is stressful" in 6.4% (7/110). In contrast, 65.8% (345/524) of patients answered either "I feel less burden" or "I don't feel any mental burden at all" (Fig. 5) . The rationales of patients who claimed no mental burden were "I am accustomed to taking medications" in 11.0% (38/345) of patients, "I think taking medications is good for my health" in 10.1% (35/345), and "I know taking medications is necessary" in 6.4% (22/345).
A comparison of the perception of medication burden with patient preferences
Among patients reporting mental burden, 86.4% (95/110) responded that they take medications as instructed by the doctor compared with 93.6% (323/345) of patients who reported no mental burden. In the questionnaire, patients were asked whether eliminating 1 medication (one tablet) would reduce their mental burden. The response of 37.8% (198/ 524) of patients was "it will help me a lot" or "it will help me"; of these, 34.8% (69/198) reported mental burden, while 55.1% (109/198) reported no mental burden. The main reasons were "I feel most comfortable taking as few medications as possible," "this can reduce medical expenses," and "this will reduce the risk of side effects." Even among the patients who reported "neither" and "I do not feel a mental burden," 29.0% (20/69) and 31.6% (109/345), respectively, reported "it will help me a lot" or "it will help me" to eliminate one medication. Overall, reducing one medication is likely to benefit patients by reducing mental burden.
Similarly, of the 34.5% (181/524) of patients who answered, "it will not help me much" and "it will not help me at all" to eliminate 1 medication, 19.1% (21/110) also reported mental burden, while 44.6% (154/345) reported no mental burden. The primary reasons reported by these patients included "reducing one medication does not change anything," "medications that are needed shouldn't be eliminated," and "I do not feel any particular burden." Among the patients who reported a mental burden, 65.5% (72/110) responded that "I prefer to receive an injection during dialysis" or "it is slightly better to receive an injection during dialysis." Among those who did not report a mental burden or those who responded with "neither," 54.8% (189/ 345) and 33.3% (23/69) responded with "I prefer to receive an injection during dialysis" or "it is slightly better to receive an injection during dialysis," respectively. Patient preference for oral medication was as low as 0.9% (1/110), 9% (31/345), and 2.9% (2/69) for patients who felt mental burden, felt no mental burden, and neither, respectively (Fig. 5) . Primary reasons for preferring oral medications included "I am aware that I am receiving treatment," "I can choose for myself," and "I can stop if I do not like it." The primary reasons for preferring injectables included "injection is more convenient" and "injection prevents me from missing a dose of oral medication."
Discussion
The results of this survey in maintenance hemodialysis patients showed that medication compliance/adherence was high overall (93.2%) and higher than the range reported in a recent systematic literature review of 22 trials including 19,322 dialysis patients; the adherence reported from 5 trials only was 81% (range 65-92%) (18) .
The majority of patients (approximately 75%) had been on hemodialysis for ! 10 years, suggesting that the quality of dialysis support in Japan leading to a longer lifespan may be attributed to better adherence. Renal transplantation rates are low in Japan, and the prognosis of patients on hemodialysis is better than in many other countries (19) . Furthermore, high-quality medication counseling available in Japan contributes to the ability of patients to understand the importance of treatments and compliance, which may translate directly into higher rates of medication adherence. This supports the importance of thoroughly informing patients about their treatment and involving them in the decision-making process concerning the treatment and management of CKD (20) .
In the previous study, of the five different types of oral medications, patients received a greater number of phosphate binders (7.0 tablets daily) and antihypertensive medications (2.8 tablets) than any other medications (2) . As shown in Fig. 3 , the percentage of leftover phosphate binders was the highest for any medication, suggesting that the number of tablets for a therapy is related to its adherence. However, the high daily medication burden (16 medications) (2) and high adherence (93.2%) in these Japanese patients stands in contrast to the lower daily pill burden (9.7 medications) and lower adherence rate (48%) among 1,238 hemodialysis patients who participated in a study from 54 centers in Italy (13). Therefore, it is possible that high-quality medication counseling concerning the purpose of medications and importance of treatments and compliance can lead to a high degree of adherence among patients.
The most common reason for nonadherence was forgetting a dose, a finding shared by the Italian survey (12) . The patients in this study primarily forgot doses of medications prescribed for CKD-MBD, which is of significance because disorders of mineral metabolism are independently associated with cardiovascular and fracture-related morbidity and mortality (21) . Only 2.7% of the respondents who missed medications attributed their nonadherence to the difficulty of managing multiple types and high dosing frequencies of medications.
A majority of patients (65.8%) did not feel that their treatment was mentally burdensome, whereas 21.0% did feel some burden. This may be attributed to the longer dialysis vintage in the unburdened patients, making them more accustomed to their multimodal treatment. However, 62.7% of patients who felt a mental burden and 31.6% of patients who did not feel a mental burden indicated that eliminating 1 medication from their regimen would reduce their mental burden. The number of prescribed medications in a given treatment regimen is associated with treatment adherence; therefore, reducing medication burden might improve adherence. However, when modifying the complexity of a treatment regimen, patients' negative attitudes toward medications should also be addressed (13) . Interestingly, similar proportions of patients who did (65.5%) and did not feel a mental burden (54.8%) preferred injection during dialysis over oral medication. This preference for injection among patients who did not feel a mental burden indicates that, if given a choice, these patients would choose the convenience of injection, possibly because oral medication requires diet and fluid regulation when on dialysis.
CKD-MBD is a systemic disorder in this patient group that requires treatment for associated parathyroid hormone, calcium, phosphorus, and vitamin D metabolism disorders (4) . As a reflection of high treatment adherence, the rate of leftover medication was low at 7.8% overall and 3.8-8.6% for CKD-MBD-related drugs (Fig. 3) . However, since the dialysis vintage in the majority of patients was ! 10 years (associated with a high treatment adherence), these findings may not reflect the real-world scenario of hemodialysis patients in Japan. The majority of patients (73.2%) did report leftover medications to healthcare professionals (Fig. 1B) . The most common reasons for not reporting leftover medications were either that patients were comfortable with having leftover medications (24.1%) or that they found it hard to talk about it, fearing risk of exposure of noncompliance (20.3%).
While adherence to medications prescribed for CKD-MBD was high overall, the percentage of leftover medications was highest for phosphate binders, possibly because of the multitude of available phosphate binders and their high frequency of administration. Although not directly comparable, the international Dialysis Outcomes and Practice Patterns Study, which included data from 5,262 hemodialysis patients from 12 countries, showed that the proportion of patients who reported nonadherence to phosphate binders at least once in the past month was 45% overall, ranging from 33% in Belgium to 57% in the United States (22) . Furthermore, patient preferences that impact adherence to phosphate binders are known to vary with dosage form, taste, number of tablets, and gastric intolerance (8) . Therefore, nonadherence to phosphate binders cannot simply be attrib-uted to a medication-specific knowledge deficit (23); strategies that engage patients' beliefs regarding their personal need for phosphate binders may improve adherence (7, 24) .
Patients specifically pointed out that calcimimetics cause side effects that impact their treatment adherence. Clinical trials have also shown that calcimimetics cause side effects that limit their tolerance (25) . Among a large retrospective cohort dataset of dialysis patients in the United States, the percentage of patients who were adherent to their medications (! 80% medication possession ratio) was 22% for phosphate binders and 35% for cinacalcet (26) . Broadly, these findings suggest that physicians should modify their treatment goals to maximize the patients' quality of life by understanding the domains that are of most concern to each patient (27) .
Overall, on comparing the findings of 2 previous reports in the literature (a systematic literature review that included studies from 1971 to 2008 and a report from a single hospital in Riyadh, Saudi Arabia), the rate of nonadherence to oral medication ranged from 3% to 80% (3, 28) . More than half of the included studies in the literature review reported nonadherence rates of ! 50% (mean 67%) (3). However, we observed an extremely low rate (<10%) of nonadherence to oral medication in Japan despite the highest number of tablets consumed daily being phosphate binders (2) . This may be further influenced by the unique attributes in Japan: differences in insurance schemes (100% coverage), differences in availability of choice of drugs, and Japanese patients having the longest dialysis vintage in the world.
Study limitations include the fact that the survey was patient-reported, and individual bias regarding variations in responses from different regions in Japan could not be ruled out. In addition, the questionnaire items regarding leftover medications were not conducted in or verified by a pharmacy. Furthermore, translation of the questionnaire from Japanese to English may not adequately represent the perceptions of Japanese patients.
Conclusion
The results of this survey show that overall medication adherence is high in Japanese patients on maintenance hemodialysis, which is supported by a low rate of leftover medication. The results indicate that while many patients perceive an absence of mental burden, they still prefer to avoid oral medication when possible. However, these results cannot be extrapolated to the entire hemodialysis population in Japan due to the relatively long dialysis vintage of the respondents in this study. In addition, medication counseling was optimal, and the level of patient understanding was high. Treatment adherence and associated rationales varied according to the type of medications the patients were taking.
Author's disclosure of potential Conflicts of Interest (COI).
Takashi Shigematsu: Honoraria, Chugai Pharmaceutical and Kyowa Hakko Kirin.
Financial Support
This survey was provided, collected, and summarized by Social Survey Research Information. This study was funded by Ono Pharmaceutical.
